just a few proxy records to represent a wellsampled NH average temperature, land-based temperature proxies to reconstruct marine temperatures, and precipitation-sensitive proxies to reconstruct past temperatures might all result in reconstructions that are insufficiently "red" (see the figure caption), that is, lacking in variance at longer time scales.
The message of the study by von Storch et al. is that existing reconstructions of the NH temperature of recent centuries may systematically underestimate the true centennial variability of climate. The factor of 2 or more suggested by their study is uncertain because the extent of the problem may depend on the shape of the real climate spectrum. Of course, we do not know the true shape of the spectrum of NH temperature for recent millennia. Nor do we know whether the 1000-year climate simulation used by von Storch et al. is closer to the real world than any of the various proxybased reconstructions. Other model simulations of the climate of the past 1000 years (5) may be less "red," implying that the underestimation of long-term climate change could be less pronounced.
If the true natural variability of NH temperature is indeed greater than is currently accepted, the extent to which recent warming can be viewed as "unusual" would need to be reassessed. Systematic errors in existing climate reconstructions will also complicate the evaluation of climate model simulations of past variability. Achieving consistency between our knowledge of past climate and model simulations of that climate is crucial for building confidence in our ability to simulate future climate. 
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Incompatible colors of climate variability. (A) A variance spectrum expresses the amount of variance in a time series that occurs at different frequencies or time scales. A white spectrum has equal variance at all time scales, whereas a red spectrum has greater variance at longer time scales than at shorter time scales. A typical temperature record has a "red" variance spectrum. (B) Pseudo-proxies constructed by adding white noise to a simulated temperature record have variance that is increased equally at all time scales, reducing the "redness" of the spectrum (the ratio of long-time scale to short-time scale variance). (C) Regression-based calibration approaches scale the pseudo-proxy records by constant multipliers, leaving their redness unchanged (and thus still lower than the redness of the actual temperature spectrum). (D) It is not possible, therefore, for any linearly scaled proxy record to match the actual temperature spectrum at all time scales, and the fit tends to be optimized to the time scales represented in the calibration period (typically the last 100 years or less, and dominated by annual to decadal variability), resulting in a deficiency in variance at longer time scales.
W
hen plants moved from water to land 450 million years ago, they needed to develop a sealed surface to protect themselves against water loss in the "dry" air environment. To solve this problem, plants invented an epicuticular wax layer that covers the entire surface of the plant that is exposed to air. This protective wax cuticle also serves a multitude of other functions. Its elaborate micro-and nanostructure prevents water and other particles from sticking to the surface of leaves, keeping them clean and so enhancing their ability to trap light for photosynthesis. Adhering water droplets and other particles are washed away in a self-cleaning process called the lotus effect (1) . The wax layer also filters out damaging ultraviolet rays, prevents volatile chemicals and pollutants from sticking to leaves and stems, and protects plants against attack by microbes and herbivores.
The plant cuticle is composed of a mixture of cutins and polysaccharides, an intracuticular wax layer, and an epicuticular surface layer of wax crystals (see the figure) . The wax layer is formed from wax precursor molecules-very long chain fatty acids (VLCFAs) and their derivatives-that are synthesized by plant epidermal cells. But how is such an elaborate structure constructed on the surface of plants? How formation on the mechanism by which wax precursor molecules are exported to the plant surface. They show that plant cells use an ABC (ATP-binding cassette) transporter protein similar to the ABC transporters found in mammalian cells for this purpose. Traditionally, VLCFAs were thought to be exported by a vesicular pathway from their site of synthesis in the endoplasmic reticulum to their destination at the plant surface (see the figure) . Sequestration in vesicles would keep these potentially harmful wax precursor molecules in a hydrophobic compartment inside the cell in the same way as plant triglycerides are stored in oleosin-coated vesicular oil bodies (3, 4) . Given the difficulty in analyzing the export of wax precursors biochemically, Pighin et al. chose a genetic approach. They exploited a large collection of Arabidopsis mutants with visibly altered wax cuticles on the surface of their inflorescence stems. In these so-called cer or eceriferum (not waxcarrying) mutants (5), VLCFA biosynthesis is affected. Through careful characterization of the cer5 Arabidopsis mutant, Pighin et al. identified an interesting candidate protein for VLCFA export. They show that this CER5 protein is an ABC transporter expressed in plant epidermal cells that, when defective, results in reduced wax on the surface of the cer5 plant stem. Fluorescence imaging revealed that CER5 resides close to or at the plasma membrane of the plant cell. Intriguingly, the total VLCFA content in epidermal cells from mutant and wild-type Arabidopsis is comparable. This can be explained by the intracellular accumulation of VLCFAs in trilamellar inclusions in the mutant plant cells. The inclusions might be modified vesicles that contain large amounts of wax precursor molecules that are either destined for export or need to be stored in a separate compartment to protect cell membranes from accumulating too many VLCFAs.
Members of the ABC transporter family transport a wide variety of substrates including hydrophilic molecules, drugs, and lipids across the membranes of mammalian cells. Some cancer cells are able to survive despite treatment with multiple antitumor drugs because they are induced to express multidrug resistance (MDR) ABC transporters that pump out the drugs faster than they can accumulate inside the cancer cells. Transporters of this kind also export hydrophobic substrates such as platelet-activating factor (PAF), glycerophospholipids, and sphingolipids. The predicted transport activity of the plant CER5 ABC transporter resembles that of three other ABC lipid transporters: MsbA, a recently crystallized bacterial protein involved in export of lipophilic molecules (6); TDG1, which transports fatty acids across the chloroplast envelope (7); and ALDP, an ABC transporter that is mutated in the neurological disease adrenoleukodystrophy. ALDP and its plant counterpart PXA1/comatose (8) are found in peroxisomes, and both are crucial for VLCFA degradation inside these organelles. Mammalian cells expressing the mutant ALDP transporter also exhibit the trilamellar inclusions seen in cer5 mutant plant cells (9) .
A seemingly simple hypothesis is that CER5, a half-size ABC transporter, forms a homo-or heterodimeric pore through which VLCFAs are actively transported across the plasma membrane (see the figure) . This hypothesis seems to rule out a vesicular pathway of export. Given the near-insolubility of the substrate and the difficulty in setting up an export assay for the CER5 transporter, it is not easy to directly determine transport activity and substrate specificity. But the identification of CER5 does not absolutely rule out a vesicular pathway. Because fluorescence imaging has limited resolution, it remains possible that CER5 is localized in a subapical compartment involved in secretion. Another possibility is that CER5 acts as a "flippase" (6), flipping VLCFAs from the inner to the outer leaflet of the plant cell plasma membrane. Whether bacterial MsbA acts as a pore-like transporter or as a flippase also remains a matter of debate (10, 11) . CER5, like MsbA, may have a side port that permits lipids to enter or exit the pore.
No matter how the lipid transporters work, the low solubility of the VLCFAs implicates fatty acid-binding proteins in all of these models. Such proteins would be analogous to serum albumin, which binds fatty acids in serum, and to other fatty acid-binding proteins of the mammalian cell cytosol. These proteins need to be identified to clarify further the export pathway for wax precursors in plants. An (12) . Because transporters seem to be sloppy with respect to their substrate specificity (13, 14) , it is feasible that when plants crept out of the water, they turned a member of the ABC transporter family into a lipid exporter by ensuring that it became localized to a different cellular compartment. Perhaps this is an example of an evolutionary principle in which sloppiness is transformed into flexibility. Obviously, there is more work to be done to identify other components of the lipid export machinery. We need to define the exact export pathway and its components. The remaining Arabidopsis cer mutants provide an outstanding resource with which to fill in the gaps to obtain a more complete picture. Given that the reduced-wax phenotype of the cer5 mutant is restricted to stems, the transporters involved in wax deposition on leaves and pollen will need to be identified. A comparative analysis of fatty acid transport in bacteria, plants, and animals, although likely to reveal variations as well as commonalities, will cross-fertilize research in these respective fields. Such an analysis will help to answer crucial questions, including whether the fatty acid substrates are free or bound and how the trilamellar inclusions form. The new insight provided by Pighin and colleagues into the ABC lipid transporter of plants has implications beyond understanding the lotus effectgiven the multifunctional role of the wax cuticle, the new findings will be a boon to agriculture.
A year has passed since the celebration of the 50th anniversary of the Watson-Crick model for the doublehelical structure of DNA (1) . Much of the celebration looked back at the marvelous advances that have emerged as genetics has come to resemble organic chemistry.
Largely overlooked, however, is a new frontier in organic chemistry that has the goal of redesigning DNA to create artificial genetic systems. These artificial DNA-like molecules are providing deeper insight into how DNA works and are opening the door onto a new world of synthetic biology (2) . They are also proving valuable for diagnostic testing of human diseases.
According to the first-generation model of DNA, the DNA duplex is like a ladder, with the upright sections composed of pentose sugar molecules linked together by negatively charged phosphate groups (see the figure) . According to the model, the uprights constrain the length of the base pairs that form the rungs of the ladder. This constraint, in turn, requires that the large purine bases, adenine (A) or guanine (G), pair with small pyrimidine bases, thymine (T) or cytosine (C)-a phenomenon known as size complementarity. According to the model, hydrogen bonds between purines and pyrimidines ensure that the correct large bases pair with the correct small bases. From this model arose the two principal rules ("A pairs with T, G pairs with C") that underlie all of molecular biology.
One motivation for redesigning DNA using organic chemistry came from a vision of therapeutic benefit. For example, an uncharged DNA analog might be able to pass through a cell membrane, bind to an unwanted RNA molecule according to Watson-Crick rules, and neutralize its activity (3). Many dozens of DNA analogs having uncharged scaffolds were made in pursuit of this vision (4) . Remarkably, only one can be said to have been truly successful: the polyamide-linked nucleic acid analogs (PNA) made by Nielsen et al. (5) .
We now know that the repeating negative charge of the DNA backbone is tightly tied to the rule-based molecular recognition needed for transmission of genetic information (6). The repeating negative charge keeps contacts between two complementary DNA strands as far away from the backbone as possible, enforcing Watson-Crick pairing. Without the repeating charge, DNA analogs bend, fold, aggregate, or precipitate. Even PNA does this, given sufficient length.
The repeating charge also dominates the physical properties of DNA. The charge allows the individual bases to be substituted by mutation to create new DNA molecules that behave physically like their parents, but carry different genetic information. The repeating negatively charged phosphates of the DNA and RNA backbone are therefore key to evolution. Hence, a repeating charge may be a universal structural feature of all molecules carrying genetic information in water, perhaps even those on alien planets circling stars in remote galaxies.
Other efforts to redesign DNA have asked simple questions about the architecture of base pairing. For example, Kool wondered how DNA might behave if one got rid of the hydrogen bonds entirely, and used size complementarity as the sole principle of pairing (7) . Surprisingly, certain DNA polymerases are able to match sizecomplementary species without the benefit of hydrogen bonding. This result encouraged Goodman to comment that DNA has gone "on the wagon" to join "hydrogen bonds anonymous" (8) . Schultz, Romesberg, and their colleagues have elaborated on Kool's general theme, generating base analogs that contact each other through unusual hydrophobic interactions (9) . The latest products from the Kool laboratory are fluorinated bases that also pair using size complementarity in the absence of hydrogen bonds (10) .
Things generally work out better, however, if the hydrogen bonds are retained. Hydrogen bonding might be important in size-expanded base pairs (11) , something that has been seen previously in DNA backbones with both longer and shorter rungs (12) . Carrying the theme further, Minakawa et al. asked what might happen if the hydrogen-bonding pattern were to be extended into the minor groove of the DNA backbone (13) . With four hydrogenbonding opportunities, we can imagine 16 different hydrogen-bonding patterns supporting 32 different nucleotide letters in an expanded genetic alphabet based on this architecture. The expanded scaffolding works well, and a new class of designer DNA molecules may emerge from this architecture.
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